The specific activity of hypoxanthine-guanine phosphoribosyltransferase (IMP:pyrophosphate phosphoribosyltransferase, EC 2.4.2.8) is increased up to 58-fold in unstable gene transferents produced by the transfer of cell-free chromosomal material from one mouse L cell line to another; the specific activity of this enzyme returns to normal levels when the transferred gene becomes stabilized. This phenomenon, which is not observed 'in comparable heterospecific transfers, may be an effect of gene dosage (multiple copies of the transferred genetic fragment in the unstable gene transferents), or it may represent an escape of the unstably inherited gene from the normal regulatory mechanisms of the recipient cell. Previously we reported the transfer of a gene from one mouse L cell to another, the donor material being a mixture of metaphase chromosomes, nuclear fragments, and nuclei (1). The presence of the transferred gene, hprt, enables progeny cells to synthesize active hypoxanthine-guanosine phosphoribosyltransferase (HPRTase; IMP:pyrophosphate phosphoribosyltransferase, EC 2.4.2.8) and thus to grow in medium containing hypoxanthine, aminopterin, and thymidine (HAT). The transferred gene was an unusual mutant allele present in a strain (H29) isolated by Sharp et al. (2); it encodes a protein with reduced affinity for the toxic substrate analog, 8-azaguanine (AG). Gene transferents* carrying this allele are able to grow in AG medium and yield extracts containing AG-resistant HPRTase activity. In contrast, all spontaneous HPRT+ revertants of strains carrying our hprt-allele possess the wild-type enzyme, rendering them unable to grow in AG medium and yielding extracts containing AG-inhibitable HPRTase activity (1).
transferred gene was an unusual mutant allele present in a strain (H29) isolated by Sharp et al. (2) ; it encodes a protein with reduced affinity for the toxic substrate analog, 8-azaguanine (AG). Gene transferents* carrying this allele are able to grow in AG medium and yield extracts containing AG-resistant HPRTase activity. In contrast, all spontaneous HPRT+ revertants of strains carrying our hprt-allele possess the wild-type enzyme, rendering them unable to grow in AG medium and yielding extracts containing AG-inhibitable HPRTase activity (1) .
Detailed study of the gene transferents showed that (i) the initial transfer event leads to an unstably inherited gene, lost at about 0.1 per cell per generation; (ii) under selective conditions the cells can be carried for at least 200 generations in continuous culture in the unstable state; and (iii) stabilized subclones can be isolated from each unstable subelone. The stabilization process is rare, occurring on the order of 1 X 10-5 per cell per generation. Similar phenomena have also been observed in heterologous crosses between mouse and Chinese hamster and between human and rodent cells (1, 3, 4) .
In addition, we have found that the transferred gene in our homologous system shows a striking feature not reported in any of the heterologous systems: a pronounced overproduction of gene product (HPRTase) when the gene is unstably inherited, which is abolished when the gene becomes stable. This interrelationship between the heritable state of the hprt locus and the cellular level of HPRTase is the subject of this report. A preliminary report of this work has appeared (5).
MATERIALS AND METHODS
Cell Lines. The derivation of the cell lines used in these studies is shown in Fig. 1 . The original recipient strain, 501-1, is a chloramphenicol-resistant derivative of the HPRT-mouse L cell line, A9 (6); H29, as discussed above, is an L cell line possessing an AG-resistant HPRTase (2) . The isolation of the unstable gene transferent, GT427, is described in our previous paper (1); it arose from a culture of 501-1 cells that had been treated with metaphase chromosomes prepared from strain H29.
GT490 is phenotypically identical to 501-1; it is a "cured," ex-gene-transferent derived from GT427 by the spontaneous loss of the unstable hprt allele and selection by growth for several weeks in medium containing 6-thioguanine. (The hprt allele contributed by H29 makes cells sensitive to 6-thioguanine.) Control experiments with GT490 have yielded no revertants to HPRT+ (HAT-resistance).
GT801 and GT802 are independent gene transferents isolated after treatment of 1 X 107 GT490 cells with H29 metaphase chromosomes by the method described previously (1) . The Preparation of Extracts. Enzyme extracts were prepared from cell monolayers as described (1), with the following modifications: (i) monolayers were prewashed three times with phosphate-buffered saline at 40 and drained thoroughly after each wash; (ii) except in experiment 1, extraction and dialysis buffers were supplemented with 0.1 mM Na 5-phosphoribose 1-pyrophosphate/10 ,uM NADP/1.0 mM phenylmethylsulfonyl fluoride/60 mM thymidine; and (iii) dialysis was continued for approximately 24 hr. All strains in ,a single experiment were carried through the steps of extraction, dialysis, and enzyme and protein assays simultaneously. After dialysis, extracts were stored at 00 until all assays were completed. The enzyme activities are stable under these conditions for several weeks.
Enzyme Assays. HPRTase was assayed as described (1) , with N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid hydrochloride (pH 7.0) substituted for Tris-HCl where noted. For each extract, the linearity of activity with dilution was verified experimentally; triplicate assays were performed with and without 2 mM AG.
Glucose-6-phosphate dehydrogenase (G6PDase; D-glucose-6-phosphate:NADP+ 1-oxidoreductase, EC 1.1.1.49) was assayed by the spectrophotometric methods of Marks (8); extracts were diluted to give activities that were linear with both concentration and time. Extracts containing approximately 40 ,ug of protein per 2.5 ml of reaction mixture were incubated for 5 min at 30°in a recording spectrophotometer. In one experiment (experiment 2, (D-S) . Arrows indicate the origin of a stable transferent (T-S) from an unstable transferent (T-U) precursor.
b HPRTase was assayed as described in Materials and Methods. In Exp. 1, 111 mM Tris-HCl pH 7.0 buffer was used; in Exp. 2, 111 mM N-1-hydroxyethylpiperazine-N'-2-ethanesulfonic acid hydrochloride, pH 7.0, was used. AG-resistant activity is the percentage of activity retained when AG was present at 2 mM, relative to simultaneous assays in the absence of AG. For wild-type and revertant cells, the equivalent value is 10-20% resistance in Exp. 1 and 5-10% in Exp. 2 conditions. For determination of the proportion of unstable cells in the population, see Materials and Methods. This is a minimum estimate because loss of the gene was followed for only a limited period (approximately 6 weeks). c The glucose-6-phosphate dehydrogenase (G6PDase) assay described in Materials and Methods was carried out on the same extracts used for HPRTase assays. 26.1% (SD, 6.5%; n = 6) of the NADPH formed in the singlesubstrate assay was due to the activity of the latter enzyme. This percentage did not vary significantly from strain to strain and was used to correct the values obtained in single-substrate assays in all experiments.
Miscellaneous. Protein in cell extracts was determined as described (1) . Before measurement of the absorbance, the samples were recentrifuged after the color had developed, to remove precipitated detergent. Sources Like HPRTase, G6PDase is a soluble enzyme determined by an X-linked gene.
To gain more information about the generality of HPRTase overexpression and the instability of the hprt gene in the early stages after its transfer, we carried out similar tests on two independent, unstable gene transferents, GT801 and GT802, whose isolation is described in Materials and Methods. These strains were tested 44 days after gene transfer (experiment 3) and again after 65 additional days in culture (experiment 4). As shown in Table 2 , both strains overproduced HPRTase (7- to 20-fold over H29), which is consistent with their genetic instability. The 6GPDase controls were again normal.
In order to determine whether the observed overproduction of HPRTase was indeed a consequence of the unstable state of the transferred hprt gene rather than a reflection of some regulatory interaction between the parental genomes, we constructed fusion hybrids between H29 and 501-1 as described in Materials and Methods. Two independent hybrids, ULU-1 and ULU-8, were isolated and tested for HPRTase and G6PDase levels. As shown in Table 2 , the HPRTase specific activity of the fusion hybrids was depressed, rather than elevated, relative to that of H29.
Finally, assays were done on mixtures of extracts from stable and unstable transferents. The results (data not shown) indicated that the HPRTase activities were additive, ruling out the presence of an enzyme inhibitor in the extracts from stable cells. 
DISCUSSION

